 3  2 
of PES that include information on attributes of landowners and their land are rare 1 0 7 (Miteva et al., 2012; Schomers and Matzdorf, 2013; Ezziene-de-Blas et al., 2016) . Thus, the total conservation and restoration projects were submitted by participants that were 3 5 1 engaged in agricultural and cattle ranching activities (44%) or non-agricultural to lands enrolled in production-oriented land-use plans (Tables S-4 and S-5). Lands enrolled by absentee landowners had lower agricultural suitability than 3 5 6 land enrolled by local land owners, and contracts were shorter for absentee landowners 3 5 7 ( Fig. 2) . As a result, absentee landowners had 143% higher odds of incurring spatial 3 5 8 and temporal adverse selection, 51% higher odds of Hi-TAS, and 96% higher odds of 3 5 9
Hi-SAS than local landowners (Table S-2). Absentee versus local status of land owners 3 6 0 was correlated with their primary activity ( communities were local landowners. The proportion of landowners dedicated to 3 6 2 silviculture and cattle ranching was greater for local than absentee landowners ( Table   3 6 3 S-6). Landowners with a legal or a real-estate related practice were more common 3 6 4 among absentee landowners . Participants dedicated to agriculture, were evenly distributed among local and absentee landowners. The probability of enrolling in BEST and Hi-TAS increased with decreasing size 3 6 8 of parcel enrolled and the probability of enrolling in WORST and Hi-TAS increased with 1 3 increasing parcel size, although these relationships were not significant ( Fig. 3 , Table S-3  7  0 2). However, parcels >500 ha had 155% higher odds of incurring both spatial and 3 7 1 temporal adverse selection (WORST), 116% higher odds of Hi-TAS, and 204% higher 3 7 2 odds of Hi-SAS, in comparison to land <500 ha ( Fig. S-1 ). Market-based strategies like PES have the potential of becoming important policy 3 7 6 tools to conserve ecosystem services and reduce deforestation. However, overcoming 3 7 7 adverse selection, a key limitation to the effectiveness of PES programs, remains a 3 7 8 critical challenge (Ferraro, 2011; Arriagada et al., 2012; Pagiola et al., 2016 ; Alix-Garcia 3 7 9 et al., 2015; Börner et al., 2017; Wunder et al., 2018) . We hypothesized that the primary 3 8 0 activity of participants, particularly whether participants were engaged in agriculture, 3 8 1 would be a strong predictor of spatial and temporal adverse selection in forested activities (non-timber forest products, silviculture, or silvopasture) were the least likely to 3 8 7 incur spatiotemporal adverse selection (Fig. 2, Fig. 3 ). Absentee landowners with 3 8 8 conservation and restoration projects were the most likely to enroll land with low 3 8 9 agricultural potential and to enroll for short periods of time. Thus, under the current 3 9 0 program structure, land uses that allow higher potential financial earnings and lands 3 9 1 owned by local landowners are better suited to avoid spatial and temporal adverse 3 9 2 selection as compared to land uses that have lower potential earnings, such as 3 9 3 conservation projects, and are owned by absentee landowners. Absentee landowners generally submitted land with lower agricultural potential for shorter time periods than local landowners across all categories of participant activity 3 9 6 ( Fig. 2 ). Other studies have found that absentee landowners both own land with lower 3 9 7 productive potential and are less engaged in land-management activities than local 1 4 absentee landowners are wealthier than local landowners and a main motivation for 4 0 0 enrollment is lack of a better alternative use of land (Miranda et al., 2003 and restoration plans in our study were submitted by governmental and NGO 4 1 2 organizations and indigenous and campesino communities, a priori we might expect an 4 1 3 association of spatial adverse selection with conservation and restoration plans. However, the total number of projects submitted by these groups was small, and 4 1 5 landowners engaged in economic activities with high earning potential, such as 4 1 6 agriculture or ranching, submitted most conservation and restoration projects (Table S-4  1  7 3). The agriculture potential of lands in conservation and restoration projects submitted 4 1 8 by these participants was, on average, 12% lower than the agricultural potential of lands 4 1 9 submitted as projects with collection of non-timber forest products, silviculture, or Contract duration for conservation and restoration plans was less than half the 4 2 2 median length of contracts with silviculture-silvopastoral land-use plans, the land use 4 2 3 with the longest contracts time. In recent years, some participants have pushed for a re-4 2 4 categorization of land under high land-use restrictions (i.e., yellow and red zones) to the 4 2 5 category that allows land conversion and land-use practices such as agriculture (i.e., 4 2 6 green zone; le Polain de Waroux, 2017). Thus, some participants may enroll for short 4 2 7 time-periods in conservation and restoration projects while waiting for downgrading of 4 2 8 their land towards a zone with lower land-use restrictions. Shorter contracts also allow 1 5 to change land uses upon contract end (Roberts and Lunowski, 2007; Engel, 2016) . In 4 3 1 our study area, a short-term contract with a conservation or restoration plan also could 4 3 2 be a strategy of some private landowners who are not currently involved in production 4 3 3 activities but may wish to use these lands for production in the future (e.g., lands in 4 3 4 green and yellow zones). In the case of Chaco, short enrollment contracts do not payments have the potential to increase over time. unit of land than smaller lands (e.g., returns to scale) and thus higher profit margins that 4 4 6 must be offset by PES payments (Duffy, 2009) . However, in the Chaco, enrolled parcel 4 4 7 size may not always reflect opportunity costs because these parcels may be part of 4 4 8 much larger landholdings that are managed as a unit. Understanding factors that limit 4 4 9 enrollment of large parcels, particularly those with high agricultural suitability, deserves 4 5 0 more attention. Presently, in the Chaco and elsewhere, large tracts of lands, which may 4 5 1 be the most valuable from a biodiversity conservation perspective, likely are the most 4 5 2 difficult to protect from deforestation through long-term enrollment in the PES programs The Forest Law through land-use zoning and PES aims to improve and maintain 4 5 6 ecological and cultural processes that occur in native forest, and enrich, conserve, and restore Argentine native forests (Garcia Collazo et al., 2013) . Perhaps the most startling trend from this study for long-term biodiversity conservation is that only 10% of the 4 5 9 parcels >500 ha were enrolled in areas under high threat of deforestation (i.e., areas 1 6 with high agricultural potential), compared to 90% of the smaller parcels enrolled in 4 6 1 these areas. If small patches of fragmented forests are disproportionately conserved 4 6 2 with PES, long-term species persistence, and the ecological services offered by these adjacent to protected areas or other lands in the red zone. In the short term, PES in the Chaco may be most successful in enrolling private 5 0 1 lands with projects focused on land uses with earning potential (e.g., silviculture or uses reduce opportunity costs and increase the chances that a given payment will in the yellow category are private landholdings with higher agricultural suitability. 5 0 9
Because regional land-use plans prohibit deforestation but allow limited production 5 1 0 activities in the yellow category, payments constitute incremental income above income 5 1 1 generated by low-intensity production activities (e.g., cattle ranching) rather than a 5 1 2 replacement for all income generated by conversion to large scale agriculture.
1 3
In the long term, PES projects with conservation and restoration plans, which 5 1 4 restrict production activities on private lands, should provide the best management 5 1 5 strategies to accomplish the goals of the Argentine PES. Private lands have high 5 1 6 potential for land conversion or degradation with production activities, and these land- use plans offer considerably more protection than plans that allow production. For Ranching" (MBGI -Manejo de Bosques con Ganadería Integrada), which allows for tree 5 2 0 removal and planting of introduced grasses, is being promoted as a compatible strategy 5 2 1 for both biodiversity conservation and cattle ranching (FVS, 2016) . MBGI is widely 1 8 supported across some government and non-government organizations, as well as by 5 2 3 private land-owners, and could be used in the largest stretches of remnant Chaco forest 5 2 4 (i.e., yellow and green zones). However, whether MBGI will meet the Forest Law's 5 2 5 objectives of conserving biodiversity is unknown. Specialists have raised concerns 5 2 6 about potential negative effects on biodiversity such as increases in forest 5 2 7 fragmentation, reduction in the quantity and quality of wildlife habitat, and synergistic 5 2 8 increases in hunting pressure (FVS, 2016) . These specialists also point out that conservation and restoration projects might be a more parsimonious strategy to meet 5 3 5 the program's goals.
3 6
The degree to which economic development and conservation goals can be met 5 3 7 simultaneously with PES will depend on the compatibility of silvopasture practices, as although the largest amount of land in the Chaco is in the yellow category slated for 5 4 7 sustainable use, some very critical pieces for long-term regional conservation, such as practices under PES. Furthermore, although PES contracts for production-related land-5 7 2 use plans were less likely to be adversely selected than conservation-oriented plans, timeframe needed for sustainable forest management and biodiversity conservation. Providing bonus lump sum payments for long-term contracts or linking payments to 5 7 6 commodity prices could incentivize long-term contracts by counteracting decreasing conservation and restoration lands in yellow and green zones could maximize the program's goals in areas with high threat of land-use conversion.
8 2
Our results also indicate that large land parcels are least likely to achieve long- under an adaptive management framework, as well as identifying where conservation 5 9 2 objectives and the PES program are poorly matched from the outset, will be key for land 5 9 3 management that supports the goals of PES and for improving conservation outcomes J  a  y  a  c  h  a  n  d  r  a  n  S  ,  D  e  L  a  a  t  J  ,  L  a  m  b  i  n  E  ,  S  t  a  n  t  o  n  C  ,  A  u  d  y  R  ,  T  h  o  m  a  s  N  (  2  0  1  7  )  C  a  s  h  f  o  r  c  a  r  b  o  n  :  a  r  a  n  d  o  m  i  z  e  d  t  r  i  a  l  o  f  p  a  y  m  e  n  t  s  f  o  r  e  c  o  s  y  s  t  e  m  s  e  r  v  i  c  e  s  t  o  r  e  d  u  c  e  d  e  f  o  r  e  s  t  a  t  i  o  n  .  S  c  i  e  n  c  e   ,   3  5  7  ,  2  6 7 . S  i  l  v  a  R  ,  L  a  p  o  l  a  D  ,  P  a  t  r  i  c  i  o  G  ,  T  e  i  x  e  i  r  a  M  ,  P  i  n  h  o  P  ,  P  r  i  e  s  s  J  (  2  0  1  6  )  O  p  e  r  a  t  i  o  n  a  l  i  z  i  n  g  p  a  y  m  e  n  t  s  f  o  r  e  c  o  s  y  s  t  e  m  s  e  r  v  i  c  e  s  i  n  B  r  a  z  i  l  '  s  s  u  g  a  r  c  a  n  e  b  e  l  t  :  H  o  w  d  o  s  t  a  k  e  h  o  l  d  e  r  o  p  i  n  i  o  n  s  m  a  t  c  h  w  i  t  h  s  u  c  c  e  s  s  f  u  l  c  a  s  e  s  i  n  L  a  t  i  n  A  m  e  r  i  c  a  ?  E  c  o  s  y  s  t  e  m  S  e  r  v  i  c  e 
